###### Strengths and limitations of this study

-   The study used data, on a complete national cohort of births under midwifery care, obtained from three sources: the Ministry of Health database of births, the Perinatal and Maternal Mortality Review Committee database of all perinatal deaths and the Midwifery Council database of registered midwives, with the express purpose of undertaking the planned analysis.

-   The data were linked using unique patient National Health Indices and midwifery practice numbers.

-   The research group included appropriate statistical expertise and appropriate personnel with significant national knowledge of midwifery and obstetric practice.

-   Some of the data the study used were originally collected for routine counting and funding purposes rather than for research.

-   The observational nature of the study can lead to inherent biases, both known and unknown.

Introduction {#s1}
============

In New Zealand (NZ), maternity care is an integrated primary, secondary and tertiary service provided by the public health system, free of charge.[@R1] Primary maternity continuity care is provided in the main by caseloading community-based midwives, known as lead maternity carers (LMCs), who are supported by a number of frameworks including national referral guidelines[@R2] which enable midwives to work with obstetricians, paediatricians, general practitioners (GPs) and others.

In late 2015, a study was published by Lawton *et al* which reported an increased risk of perinatal mortality in NZ from 2005 to 2009, for pregnancies cared for by community LMC midwives (previously known as self-employed midwives) within 1 year of Midwifery Council (MC) registration compared with midwives with 5--9 years of post-registration experience.[@R3] However, the interpretation of the study findings was based on univariable analysis of observational data despite evidence in the data of increased risk among the women cared for by midwives in their first year of midwifery practice. The magnitude of the increase in risk of perinatal death was small Relative risk (RR 1.33 (1.02--1.73)), and there was no clear justification for the reference group of 5--9 years of practice in preference to more experienced midwives. The authors are not aware of studies from other countries investigating the impact of years of midwifery experience on perinatal mortality. A study from Israel, published in 2017, showed a decreased risk of third-degree and fourth-degree perineal tears with increasing years of midwifery experience.[@R4]

This study aimed to determine whether years of midwifery experience were associated with perinatal mortality among women booked for maternity care with community LMC midwives in NZ between 2005 and 2014, after controlling for potential confounding variables.

Specifically, the study aimed to reanalyse the 2005--2009 cohort of births cared for by midwives in the study by Lawton *et al* [@R3] to determine whether the findings were valid given adjustments for potential confounders. If there was an increased risk of perinatal mortality among women under the care of community LMC midwives in their first year of midwifery practice from 2005 to 2009, then the study would analyse a later cohort of births from 2010 to 2014 using the same methodology. The study also aimed to examine whether midwifery caseload, nursing training prior to midwifery training or training overseas compared with in NZ had independent effects on perinatal mortality.

Methods {#s2}
=======

A dataset of babies born during 2005--2009, and then a second set 2010--2014, were prepared by the NZ Ministry of Health by linking data from the National Maternity Collection (MAT), the National Minimum Dataset (NMDS), the National Mortality Collection (MORT), MC and the Perinatal and Maternal Mortality Review Committee (PMMRC).

The MAT is compiled from data collected by LMCs, the National Health Index (NHI) dataset (which collects demographic data) and hospital discharge data from the NMDS. The NMDS is the repository of International Classification of Diseases, Tenth Edition (ICD-10)-coded data from hospital visits of at least 3 hours (inpatient). The MC provided midwifery qualification and registration data, and the responses to surveys completed when midwives requested an annual practicing certificate, for the identified midwives. Survey data were linked to births in the same year as the year the survey was completed. The PMMRC dataset is a national dataset of all perinatal deaths ascertained via a network of local coordinators in District Health Boards (DHBs) and LMCs and is recognised as the gold standard for complete and accurate perinatal mortality data in NZ.

Data linkages between MAT, NMDS, MORT and PMMRC databases were made using baby and/or mother unique NHIs and linkages between the baby--mother clinical dataset and the MC data were made using LMC registration number and/or name. All NHI and LMC number and name data were removed before the data were provided to the investigators.

Each year, approximately 60 000 babies are born in NZ, and 600--700 babies suffer perinatal death, defined as death of a baby born from 20 completed weeks gestation, either in utero (stillbirth) or during the first 27 days of life (neonatal death).[@R5]

Analyses were restricted to women/baby pairs with a community LMC midwife at booking (usually the first antenatal visit) by including only births where there was a record in the MAT that the LMC at booking was a midwife and where there was a record of the midwife in the MC database. The term 'community LMC midwife' is used throughout this manuscript to describe a midwife working independently, providing continuity of maternity care, responsible for antenatal, intrapartum and postpartum management of the woman and her baby, supported by the guidelines for consultation with obstetric and related medical services and under Section 88 of the Primary Maternity Services Notice 2007.[@R2] The term 'booking' is used in this paper in place of the current term 'registration' for the antenatal visit where a woman engages a midwife to provide antenatal care to avoid confusion with the concept of midwifery registration with the MC. Terminations of pregnancy (TOP) and deaths with congenital abnormalities were excluded from the analysis as these were not believed to be associated with LMC care. TOPs were identified as such in the PMMRC dataset; congenital abnormalities were identified using the Perinatal Society of Australia and New Zealand (PSANZ) perinatal or neonatal death classification codes for congenital abnormality or ICD-10 Australian Modification codes for congenital abnormality as underlying cause of death where PSANZ codes were not available (ICD codes: Q00--Q99, I424).[@R7]

The following variables were included in the analysis:Maternal data: age, ethnicity (prioritised as per Ministry of Health guidelines),[@R8] deprivation decile, parity, multiple pregnancy, smoking and body mass index (BMI) at booking with the LMC (BMI was calculated from height and weight with out of range heights (\<120 cm and \>200 cm) and weights (\<40 kg and \>300 kg) set to missing); hypertension (ICD 10 codes O100--O109, O11, O13, O140--O149, O150--O159, O16), diabetes (ICD codes O240--O249), antepartum haemorrhage (ICD codes O200--O209, with at least one of O093--O095 or O460--O469; or O670--O679) or placenta praevia (ICD codes O040--O049) which are coded at hospital discharge (including discharge after the birth admission).Neonatal data: sex, year of birth/death and customised birthweight centile (derived from sex, birth weight, gestation, maternal ethnicity, parity, height and weight)[@R9] and categorised as small for gestational age (\<10th centile), appropriate for gestational age (10th - 90th centile) and large for gestational age (\>90th centile).[@R10]Midwifery data: LMC at booking, LMC at delivery, years from first midwifery registration, prior nursing qualification, country of training and annual midwifery caseload.

Deprivation decile and year of birth were included as ordinal variables in multivariable analyses. In univariable analyses, deprivation decile is presented as collapsed quintiles for ease of comprehension. Deprivation decile is an area-based measure of socioeconomic deprivation derived from data on internet access, income, housing, education, employment, marital status and access to a car, collected in the 2006 NZ Census of dwellings and place of residence, measured from 1 (least deprived) to 10 (most deprived).[@R11] All other variables were categorical, based on prior reported associations with perinatal mortality.

It is not clear whether a change of LMC during pregnancy or birth is a good indicator of a change in risk status as LMC may change for other reasons such as a woman's personal preference. More importantly, there is more often a change in clinical responsibility without a change in LMC.[@R12] Change in clinical responsibility from a community LMC midwife to an obstetrician is not captured in NZ datasets. In some instances of perinatal death, the person with clinical responsibility at birth may be more important than the LMC at booking but this is not captured in the data currently collected and so was not explored in the analysis.

Midwifery years of experience for NZ-trained midwives who registered with the MC after 1 December 2007 was calculated using multiples of 365 days following booking of the first woman with the new midwife LMC. NZ-trained midwives who registered with the MC prior to 1 December 2007 had their first year of midwifery practice counted from date of registration. For these midwives, their first year may have been shortened due to the delay between registration with the MC and starting to build a caseload, and for some there may have been no women birthed during the first year. However, most midwives working as LMCs during their first year of practice will have been accurately captured in the study period 2008--2014. For overseas-trained midwives, years of midwifery experience were counted from the date of first registration in their country of training. Years of midwifery experience were not calculated for midwives with unknown country of first registration (as provided by the MC) as there was no known date to be used as a starting date. Midwifery experience was analysed (a priori) in three ways (1) dichotomised as first year and beyond first year, (2) categorised as 1st, 2nd--5th, 6th--10th, 11th--20th, beyond 20th year and (3) in the form defined in the previous analysis (1st, 2nd, 3rd, 4th, 5th, 6th--10th, 11th--20th, beyond 20th year).[@R3]

A variable was derived for caseload per year of practice. Caseload was calculated over 1 year with the starting point of the year being the anniversary of the first date of booking of a woman with the LMC. This is an absolute count of births where the woman first booked with the index midwife in the year. No account was made in this measure of changes of LMC. At the end of each midwife's years during the study period, there is a truncated (or right censored) year. As there is potential for this to bias the measure, the caseload for the final year was counted backwards from the last booking with the index midwife. If a midwife contributes fewer than 365 days of bookings and the first and last of these dates is between 1 January 2008 and 1 March 2014, then no adjustment was made. If a midwife contributes fewer than 365 days of bookings and the first of these dates is after 1 March 2014, then an adjustment was made to annualise the caseload as this was assumed to be a midwife just starting practice in NZ. If a midwife contributes fewer than 365 days of bookings and the last booking date is before 1 January 2008, then adjustment was made as this was assumed to be a midwife just finishing practice in NZ. If there is only one booking with any midwife in the complete dataset, then no adjustment was made as the adjustment is too speculative (it would be 365 cases). There were 91 of these in the complete dataset. A generalised additive model (GAM) was fitted to assess the shape of the relationship of the continuous caseload variable to the binary perinatal mortality outcome. This showed a relatively linearly decreasing relationship up to approximately 80 deliveries per year and thereafter showed a slight increase in risk before increasing linearly again from approximately 120 deliveries per year. While the linear component of the GAM was significant (p=0.0003), it did not account for an adequate amount of deviance (p\<0.0001). As such, based on the distribution of the data and midwifery advice, caseload was categorised in the following groups ([\<]{.ul}15, 16--30, 31--50, 51--80 and \>80/year). Fifty-one to 80 was chosen as the referent category as it is the most common and associated with the lowest unadjusted perinatal mortality risk. Country of training and previous nursing training were obtained from the MC survey completed each year on application for an annual practising certificate.

PMMRC data were used for some variables to improve accuracy, but only where systematic differences that might create numerator--denominator bias were unlikely. Specifically, birth status (stillbirth, termination of pregnancy, neonatal death), gestational age, birth weight and plurality were obtained from the perinatal mortality dataset in preference to MAT data. In all other instances, MAT data were used for numerator and denominator.

Statistical methods {#s2a}
-------------------

Statistical analysis was performed using STATA V.13 and SAS V.9.3.

Univariable statistics were estimated for associations between the midwifery experience variable and the outcome variable perinatal death, descriptive variables and all potential confounders and tested using a χ^2^ test. Univariable tests for trend were performed using an appropriate nominal variable to represent years of midwifery experience or caseload to determine if linear relationships existed with perinatal mortality rate.

Multivariable analyses adjusted for potential known confounders in the association between midwifery experience and outcomes, based on a priori hypotheses.[@R3] The a priori variables included in the model represented maternal age, socioeconomic deprivation, BMI, ethnicity, smoking, parity, diabetes, hypertension, multiple pregnancy, antepartum haemorrhage, year of baby's birth, baby sex and customised birthweight centile. No variables were excluded from the final model. Missing data were not imputed. Unadjusted rates and crude and adjusted ORs with 95% CIs are presented with a nominal p value \<0.05 considered to denote statistical significance throughout.

The final multivariable model was used to perform sensitivity analyses including births from 23 weeks, births at term (from 37 weeks) and excluding births where there was a formal transfer of LMC in pregnancy to medical (GP or obstetrician) or DHB (secondary) care. Further models were also run including only socioeconomic deprivation, age, parity, ethnicity, with and without midwifery caseload.

There was no patient or consumer involvement in this study.

Results {#s3}
=======

Dataset of births {#s3a}
-----------------

It was not possible to reconstruct the dataset for the 2005--2009 analysis because the data were not able to distinguish women cared for by community LMC midwives from other categories of caregiver using either the variable in the MAT dataset or with MC data. A decision was made to abandon attempts to recreate the 2005--2009 dataset and to revise the initial plan. The final dataset used for this study included cases from 2008 to 2009, as it was possible from 2008 onwards to determine caregiver, combined with data from 2010 to 2014.

There were 442 030 babies included in the dataset of births from 2008 to 2014, including live born and stillborn babies ([figure 1](#F1){ref-type="fig"}). There were 4731 perinatal-related deaths from the PMMRC dataset. After the merge, there were 441 914 babies, including 4586 matched PMMRC perinatal-related deaths (96.9%) and 437 328 surviving babies, along with 116 unmatched perinatal-related deaths from the MAT dataset. Seventy perinatal deaths from the PMMRC dataset did not merge because they had no valid NHI, and no match was found for 75. The 116 deaths in the MAT dataset that did not merge with PMMRC deaths were retained on the assumption that these represented the unmatched PMMRC deaths.

![Compiling the dataset. LMC, lead maternity carer; MAT, National Maternity Collection; NHI, National Health Index; PMMRC, Perinatal and Maternal Mortality Review Committee; TOP, terminations of pregnancy.](bmjopen-2017-019026f01){#F1}

Dataset of midwives {#s3b}
-------------------

Of the original dataset of 442 030 babies, 346 121 (78.3%) were first registered under community LMC midwifery care. Of these, 345 922 (99.9%) also had a midwifery number that matched with the MC database.

After limiting the dataset to women cared for by community LMC midwives, and excluding TOP and deaths with congenital abnormalities, there were 344 871 babies in the merged set and 39 unmatched deaths. The unmatched deaths were included in the set to make a final dataset of 344 910 births ([figure 1](#F1){ref-type="fig"}).

Of the 2045 perinatal-related deaths included in the final dataset for analysis, 1433 were stillbirths and 612 neonatal deaths.

There were missing data for midwifery years of experience for 25 425/344 910 (7.4%) of births. Data were also missing on previous nursing training (20 364; 5.9%) and country of training (8450; 2.4%) in a subset of these. There was a change of LMC type from booking to birth for 5.2% of births, 4.8% to a DHB or other LMC and 0.4% to a private obstetrician or GP.

Among births in the period 2008--2014, where mothers first registered with a community LMC midwife, 19 948 (6.2%) were registered with a midwife in their first year of LMC practice. Of the remainder, 60 894 (19.1%), 66 474 (20.8%), 96 855 (30.3%) and 75 314 (23.6%) were registered with 2nd--5th, 6th--10th, 11th--20th and midwives beyond 20 years of practice, respectively([table 1](#T1){ref-type="table"}).

###### 

Maternal characteristics by midwifery years of experience (births 2008--2014)

                                   1st year   2nd--5th years   6th--10th years   11th--20th years   After 20th year   Unknown   P values\*                                             
  -------------------------------- ---------- ---------------- ----------------- ------------------ ----------------- --------- ------------ ------- -------- ------- -------- ------- ---------
  Ethnicity†                                                                                                                                                                           
   Māori                           6151       30.84            17 737            29.13              18 352            27.61     26 310       27.16   16 306   21.65   6265     24.64   
   Pacific                         2120       10.63            4758              7.81               5633              8.47      10 234       10.57   5663     7.52    2163     8.51    
   Indian                          682        3.42             1595              2.62               1756              2.64      3129         3.23    2438     3.24    773      3.04    
   Other Asian                     1918       9.61             5309              8.72               5970              8.98      7370         7.61    5302     7.04    1581     6.22    
   MELAA                           388        1.95             1083              1.78               1055              1.59      1691         1.75    1491     1.98    460      1.81    
   European                        8689       43.56            30 406            49.93              33 702            50.70     48 114       49.68   44 105   58.56   14 181   55.78   \<0.001
   Unknown                         0          0.00             6                 0.01               6                 0.01      7            0.01    9        0.01    2        0.01    
  Age†                                                                                                                                                                                 
   \<20                            2171       10.88            5132              8.43               4533              6.82      5815         6.00    3641     4.83    1557     6.12    
   20--24                          4877       24.45            13 741            22.57              13 349            20.08     17 366       17.93   11 007   14.61   4624     18.19   
   25--34                          9991       50.09            32 339            53.11              36 343            54.67     53 774       55.52   41 924   55.67   13 855   54.49   
   35--39                          2426       12.16            8000              13.14              10 173            15.30     16 367       16.90   15 441   20.50   4504     17.71   
   ≥40                             483        2.42             1682              2.76               2076              3.12      3533         3.65    3301     4.38    885      3.48    \<0.001
  Deprivation quintile†                                                                                                                                                                
   1                               2333       11.70            7754              12.73              9016              13.56     13 291       13.72   12 094   16.06   3332     13.11   
   2                               2606       13.06            9585              15.74              10 072            15.15     14 003       14.46   12 505   16.60   4532     17.82   
   3                               3654       18.32            11 929            19.59              12 951            19.48     17 385       17.95   15 444   20.51   5390     21.20   
   4                               5325       26.69            15 714            25.81              16 281            24.49     23 628       24.40   17 908   23.78   5561     21.87   
   5                               5931       29.73            15 609            25.63              17 849            26.85     28 073       28.98   17 003   22.58   6514     25.62   \<0.001
   Unknown                         99         0.50             303               0.50               305               0.46      475          0.49    360      0.48    96       0.38    
  Parity†                                                                                                                                                                              
   0                               10 311     51.69            26 952            44.26              25 833            38.86     36 488       37.67   28 277   37.55   10 155   39.94   
   1--2                            7571       37.95            27 751            45.57              33 077            49.76     48 103       49.66   38 681   51.36   12 510   49.20   
   3                               1045       5.24             3331              5.47               4148              6.24      6481         6.69    4675     6.21    1569     6.17    
   ≥4                              1017       5.10             2855              4.69               3414              5.14      5775         5.96    3676     4.88    1187     4.67    \<0.001
   Unknown                         4          0.02             5                 0.01               2                 0.00      8            0.01    5        0.01    4        0.02    
  Smoking at booking†                                                                                                                                                                  
    Yes                            4419       22.15            11 829            19.43              11 423            17.18     15 164       15.66   9719     12.90   3902     15.35   
    No                             15 523     77.82            49 052            80.55              55 043            82.80     81 676       84.33   65 587   87.08   21 513   84.61   \<0.001
    Missing                        6          0.03             13                0.02               8                 0.01      15           0.02    8        0.01    10       0.04    
  BMI[†](#tblfn2){ref-type="fn"}                                                                                                                                                       
   \<18.5                          640        3.21             1862              3.06               1945              2.93      2507         2.59    1954     2.59    653      2.57    
   18.5--24.99                     9648       48.37            29 987            49.24              33 136            49.85     46 767       48.29   39 042   51.84   12 798   50.34   
   25--29.99                       5072       25.43            15 776            25.91              17 336            26.08     25 247       26.07   19 461   25.84   6525     25.66   
   30--34.99                       2701       13.54            8009              13.15              8301              12.49     13 109       13.53   9008     11.96   3170     12.47   
   35--39.99                       1182       5.93             3308              5.43               3623              5.45      5798         5.99    3638     4.83    1432     5.63    
   ≥40                             660        3.31             1828              3.00               1979              2.98      3185         3.29    2038     2.71    784      3.08    \<0.001
   Missing or \<15 or \>100        45         0.23             124               0.20               154               0.23      242          0.25    173      0.23    63       0.25    

\*Excludes unknown; χ^2^ test.

†Data from MAT.

BMI, body mass index; MAT, National Maternity Collection; MELAA, Middle-Eastern, Latin American or African.

Midwifery experience and perinatal deaths {#s3c}
-----------------------------------------

First year of practice midwives were more likely to care for Māori, Pacific and Indian mothers, young mothers, women living in areas of higher socioeconomic deprivation, nullipara, smokers and women with high BMI compared with midwives beyond first year ([table 1](#T1){ref-type="table"}). Midwives in their first year were also more likely to care for babies who went on to be born small for gestational age, less likely to care for mothers with multiple pregnancies and more likely to care for mothers with hypertension, type 2 diabetes and antepartum haemorrhage compared with midwives beyond first year ([table 2](#T2){ref-type="table"}).

###### 

Pregnancy characteristics by midwifery experience (births 2008--2014)

                                               1st year   2nd--5th years   6th--10th years   11th--20th years   After 20th year   Unknown   P values\*                                             
  -------------------------------------------- ---------- ---------------- ----------------- ------------------ ----------------- --------- ------------ ------- -------- ------- -------- ------- ---------
  Year of birth†                                                                                                                                                                                   
   2008                                        2485       12.46            8429              13.84              9155              13.77     12 439       12.84   10 614   14.09   4052     15.94   
   2009                                        2197       11.01            8987              14.76              9307              14.00     12 644       13.05   10 829   14.38   3831     15.07   
   2010                                        2692       13.50            9223              15.15              8835              13.29     14 073       14.53   11 104   14.74   3603     14.17   
   2011                                        2690       13.49            8470              13.91              8738              13.14     13 787       14.23   9983     13.26   5943     23.37   
   2012                                        2844       14.26            8367              13.74              10 721            16.13     14 919       15.40   11 133   14.78   2761     10.86   
   2013                                        3105       15.57            8087              13.28              10 201            15.35     14 471       14.94   10 852   14.41   2718     10.69   
   2014                                        3935       19.73            9331              15.32              9517              14.32     14 522       14.99   10 799   14.34   2517     9.90    \<0.001
  Midwifery caseload                                                                                                                                                                               
   ≤15/year                                    1015       5.09             1,407             2.31               1490              2.24      2246         2.32    1580     2.10    617      2.43    
   15--30/year                                 3694       18.52            6295              10.34              3210              4.83      5618         5.80    4168     5.53    1835     7.22    
   31--50/year                                 7895       39.58            19337             31.76              14604             21.97     21864        22.57   14761    19.60   5359     21.08   
   51--80/year                                 5698       28.56            25861             42.47              30429             45.78     41784        43.14   29667    39.39   9526     37.47   
   \>80/year                                   1646       8.25             7994              13.13              16 741            25.18     25 343       26.17   25138    33.38   8088     31.81   \<0.001
  Training                                                                                                                                                                                         
   NZ trained                                  19 884     99.68            56 417            92.65              55 727            83.83     59 331       61.26   42 837   56.88   721      2.84    
   Overseas trained                            64         0.32             4477              7.35               10 747            16.17     37 524       38.74   32 477   43.12   16 254   63.93   \<0.001
   Missing data                                                                                                                                                                   8450     33.24   
  Gestation at birth                                                                                                                                                                               
   ≤23                                         52         0.26             140               0.23               141               0.21      223          0.23    157      0.21    53       0.21    
   24--27                                      69         0.35             197               0.32               221               0.33      311          0.32    258      0.34    103      0.41    
   28--36                                      1314       6.59             4042              6.64               4318              6.50      6043         6.24    4724     6.27    1730     6.80    
   37--40                                      14 749     73.94            45 288            74.37              49 756            74.85     72 658       75.02   56 307   74.76   18 959   74.57   
   ≥41                                         3755       18.82            11 212            18.41              12 021            18.08     17 593       18.16   13 846   18.38   4569     17.97   0.04
   Missing                                     9          0.05             15                0.02               17                0.03      27           0.03    22       0.03    11       0.04    
  Customised birthweight centile‡                                                                                                                                                                  
   SGA \<10th centile                          2245       11.25            6404              10.52              6836              10.28     10 078       10.41   7532     10.00   2655     10.44   
   AGA                                         14 384     72.11            43 705            71.77              47 806            71.92     69 788       72.05   54 867   72.85   18 574   73.05   
   LGA ≥90 centile                             2325       11.66            7305              12.00              8165              12.28     11 527       11.90   8981     11.92   3040     11.96   \<0.001
   Missing centile                             994        4.98             3480              5.71               3667              5.52      5462         5.64    3934     5.22    1156     4.55    
  Plurality‡                                                                                                                                                                                       
   Singleton                                   19 509     97.80            59 227            97.26              64 730            97.38     94 202       97.26   73 028   96.96   24 667   97.02   
   Multiple                                    358        1.79             1417              2.33               1505              2.26      2240         2.31    1983     2.63    679      2.67    \<0.001
   Unknown                                     81         0.41             250               0.41               239               0.36      413          0.43    303      0.40    79       0.31    
  Sex†                                                                                                                                                                                             
   Female                                      9590       48.07            29 544            48.52              32 357            48.68     46 988       48.51   36 726   48.76   12 501   49.17   
   Male                                        10 357     51.92            31 348            51.48              34 112            51.32     49 860       51.48   38 581   51.23   12 923   50.83   0.46
   Indeterminate or unknown                    1          0.01             2                 0.00               5                 0.01      7            0.01    7        0.01    1        0.00    
  Hypertension†                                1212       6.08             3294              5.41               3385              5.09      4906         5.07    3926     5.21    1354     5.33    \<0.001
  Diabetes†                                                                                                                                                                                        
   Type 1                                      20         0.10             92                0.15               101               0.15      145          0.15    115      0.15    37       0.15    0.5
   Type 2                                      69         0.35             132               0.22               133               0.20      238          0.25    154      0.20    44       0.17    0.001
   GDM                                         679        3.40             1991              3.27               2251              3.39      3288         3.39    2531     3.36    777      3.06    0.7
  Antepartum haemorrhage† (excludes praevia)   671        3.36             1818              2.99               1906              2.87      2559         2.64    1894     2.51    711      2.80    \<0.001
  Placenta praevia †(with/without bleeding)    115        0.58             447               0.73               495               0.74      721          0.74    583      0.77    185      0.73    0.07

\*Excludes unknown; χ^2^ test.

†Data from MAT.

‡Gestational age, birthweight and plurality data for perinatal deaths from PMMRC; denominator data from MAT.

AGA, appropriate for gestational age; GDM, gestational diabetes mellitus; MAT, National Maternity Collection; NZ, New Zealand; PMMRC, Perinatal and Maternal Mortality Review Committee.

Unadjusted analysis shows a statistically significant reduction in odds of perinatal mortality among women under the care of midwives beyond first year of practice compared with those in first year of practice (perinatal mortality rates 5.85/1000 births and 7.42/1000 births, respectively) (OR 0.79 (0.67 to 0.93)) ([table 3](#T3){ref-type="table"}). After adjusting for known potential confounders, the reduction in risk was no longer statistically significant (OR 0.89 (0.74 to 1.07)). Inclusion of only socioeconomic deprivation, age, parity and ethnicity in the multivariable model accounted for most of the changes in OR (OR 0.87 (0.73 to 1.03)). The further addition of midwifery caseload results in a similar adjustment in OR as the full model (OR 0.89 (0.74 to 1.06)).

###### 

Perinatal mortality rates and crude and adjusted ORs for perinatal mortality by years of midwifery experience (births 2008--2014) (including all data and excluding data missing from multivariable model)

                                                    All data   Excluding data missing from multivariable model                                                                                                                                                                            
  ------------------------------------------------- ---------- ------------------------------------------------- ------- ---------------------------------- -------------- ---------- ------ ------- ---------------------------------- -------------- ---------------------------------- --------------
  Maternal age\*                                                                                                                                                                                                                                                                          
   \<20                                             22 849     220                                               9.63    1.84                               1.59 to 2.13   19 818     199    10.04   1.86                               1.60 to 2.18   1.67                               1.40 to 1.99
    20--24                                          64 964     428                                               6.59    1.25                               1.12 to 1.41   55 519     381    6.86    1.27                               1.13 to 1.43   1.15                               1.01 to 1.31
    25--34                                          1 88 226   990                                               5.26    1.00                                              1 58 768   859    5.41    1.00                                              1.00                               
    35--39                                          56 911     328                                               5.76    1.1                                0.97 to 1.24   47 521     290    6.10    1.13                               0.99 to 1.29   1.11                               0.97 to 1.28
   ≥40                                              11 960     79                                                6.61    1.26                               1.00 to 1.58   9991       59     5.91    1.09                               0.84 to 1.42   1.01                               0.78 to 1.33
  Parity\*                                                                                                                                                                                                                                                                                
    Nulliparous                                     138 016    905                                               6.56    1.29                               1.17 to 1.42   119 708    793    6.62    1.24                               1.12 to 1.37   1.24                               1.11 to 1.38
    1--2                                            1 67 693   854                                               5.09    1.00                                              140 085    748    5.34    1.00                                              1.00                               
    3                                               21 249     143                                               6.73    1.32                               1.11 to 1.58   17 260     125    7.24    1.36                               1.12 to 1.64   1.20                               0.99 to 1.46
   ≥4                                               17 924     143                                               7.98    1.57                               1.32 to 1.88   14 564     122    8.38    1.57                               1.30 to 1.91   1.18                               0.96 to 1.45
    Missing data                                    28         0                                                                                                                                                                                                                          
  Deprivation decile, median (IQR) (per decile)\*   7 (4--9)   7 (5--9)                                                  1.07                               1.05 to 1.08                             1.07                               1.05 to 1.09   1.04                               1.02 to 1.06
  Diabetes type 1 requiring admission\*             510        8                                                 15.69   2.6                                1.29 to 5.23   439        7      15.95   2.63                               1.24 to 5.56   2.41                               1.13 to 5.14
  Diabetes type 2 requiring admission\*             770        14                                                18.18   3.04                               1.79 to 5.18   687        12     17.47   2.89                               1.63 to 5.13   2.12                               1.18 to 3.80
  Gestational diabetes\*                            11 517     35                                                3.04    0.51                               0.36 to 0.71   10 223     25     2.45    0.39                               0.26 to 0.58   0.37                               0.25 to 0.55
  Hypertension requiring admission\*                18 077     114                                               6.31    1.07                               0.88 to 1.29   16 025     96     5.99    0.98                               0.79 to 1.20   0.65                               0.53 to 0.80
  Multiple pregnancy†                               8182       256                                               31.29   6.05                               5.30 to 6.91   7199       213    29.59   5.48                               4.74 to 6.33   4.18                               3.58 to 4.86
    Singleton                                       3 35 363   1780                                              5.31    1.00                                              2 84 418   1575   5.54    1.00                                              1.00                               
    Missing data                                    1365       9                                                 6.59                                                                                                                                                                     
  Smoking at booking\*                              56 456     499                                               8.84    1.65                               1.50 to 1.83   48 022     435    9.06    1.64                               1.47 to 1.82   1.21                               1.07 to 1.37
    Non-smoker at booking                           2 88 394   1546                                              5.36    1.00                                              2 43 595   1353   5.55                                                      1.00                               
    Missing data                                    60         0                                                                                                                                                                                                                          
  Antepartum haemorrhage\*                          9559       237                                               24.79   4.69                               4.09 to 5.38   8371       206    24.61   4.49                               3.8 to 5.20    4.20                               3.62 to 4.88
  Placenta praevia\*                                2546       46                                                18.07   3.13                               2.33 to 4.21   2267       43     18.97   3.19                               2.35 to 4.32   3.70                               2.72 to 5.05
  BMI\*                                                                                                                                                                                                                                                                                   
    15--\<18.5                                      9561       54                                                5.65    1.1                                0.84 to 1.45   8139       49     6.02    1.11                               0.83 to 1.49   1.06                               0.79 to 1.42
    18.5--24.99                                     171 378    878                                               5.12    1.00                                              144 360    782    5.42    1.00                                              1.00                               
    25--29.99                                       89 417     555                                               6.21    1.21                               1.09 to 1.35   75 959     476    6.27    1.16                               1.03 to 1.30   1.09                               0.97 to 1.23
    30--34.99                                       44 298     303                                               6.84    1.34                               1.17 to 1.52   37 934     268    7.06    1.31                               1.14 to 1.50   1.21                               1.04 to 1.39
    35--39.99                                       18 981     155                                               8.17    1.6                                1.35 to 1.90   16 191     131    8.09    1.5                                1.24 to 1.80   1.40                               1.15 to 1.69
   ≥40--100                                         10 474     94                                                8.97    1.76                               1.42 to 2.18   9034       82     9.08    1.68                               1.34 to 2.11   1.63                               1.29 to 2.07
    Missing data                                    801        6                                                                                                                                                                                                                          
  Ethnicity\*                                                                                                                                                                                                                                                                             
    Māori                                           91 121     624                                               6.85    1.27                               1.15 to 1.40   76 723     553    7.21    1.29                               1.15 to 1.43   0.93                               0.82 to 1.05
    Pacific                                         30 571     222                                               7.26    1.35                               1.16 to 1.56   26 046     192    7.37    1.31                               1.12 to 1.54   1.07                               0.90 to 1.27
    Indian                                          10 373     78                                                7.52    1.39                               1.11 to 1.76   9091       67     7.37    1.31                               1.02 to 1.69   1.48                               1.15 to 1.91
    Other Asian                                     27 450     107                                               3.90    0.72                               0.59 to 0.88   23 976     93     3.88    0.69                               0.56 to 0.85   0.83                               0.67 to 1.04
    MELAA                                           6168       44                                                7.13    0.32                               0.98 to 1.79   5317       38     7.15    1.27                               0.92 to 1.77   1.36                               0.98 to 1.89
    European (other and New Zealand)                179 197    969                                               5.41    1.00                                              150 464    845    5.62    1.00                                              1.00                               
    Missing data                                    30         1                                                                                                                                                                                                                          
  Year of birth (per year)\*                                                                                             1.00                               0.98 to 1.02                             0.99                               0.97 to 1.01   0.99                               0.96 to 1.01
  Sex\*                                                                                                                                                                                                                                                                                   
    Male                                            1 77 181   1104                                              6.23    1.00                                              1 50 399   970    6.45    1.00                                              1.00                               
    Female                                          1 67 706   923                                               5.50    0.88                               0.81 to 0.96   1 41 218   818    5.79    0.9                                0.82 to 0.99   0.90                               0.82 to 0.98
    Indeterminate and missing data                  23         18                                                                                                                                                                                                                         
  Customised birth weight†                                                                                                                                                                                                                                                                
    SGA                                             35 750     673                                               18.83   4.55                               4.13 to 5.02   31 931     577    18.07   4.35                               3.92 to 4.82   3.60                               3.23 to 4.02
    AGA                                             2 49 124   1046                                              4.20    1.00                                              2 22 708   939    4.22    1.00                                              1.00                               
    LGA                                             41 343     300                                               7.26    1.73                               1.52 to 1.97   36 978     272    7.36    1.75                               1.53 to 2.00   1.84                               1.60 to 2.10
    Missing data                                    18 693     26                                                                                                                                                                                                                         
  Midwifery practice variables‡                                                                                                                                                                                                                                                           
   Years of midwifery experience                                                                                                                                                                                                                                                          
     After 1st year                                 299 537    1752                                              5.85    0.79                               0.67 to 0.93   272 759    1646   6.03    0.8                                0.67 to 0.95   0.89                               0.74 to 1.07
     1st year                                       19 948     148                                               7.42    1.00[§](#tblfn11){ref-type="fn"}                  18 858     142    7.53    1.00[§](#tblfn11){ref-type="fn"}                  1.00[§](#tblfn11){ref-type="fn"}   
     2nd--5th years                                 60 894     327                                               5.37    0.72                               0.59 to 0.88   56 370     317    5.62    0.75                               0.61 to 0.91   0.81                               0.66 to 0.99
     6th--10th years                                66 474     417                                               6.27    0.84                               0.70 to 1.02   60 353     386    6.40    0.85                               0.70 to 1.03   0.97                               0.79 to 1.19
     11th--20th years                               96 855     583                                               6.02    0.81                               0.68 to 0.97   85 611     537    6.27    0.83                               0.69 to 1.00   0.95                               0.77 to 1.17
     After 20 years                                 75 314     425                                               5.64    0.76                               0.63 to 0.92   70 425     406    5.76    0.76                               0.63 to 0.93   0.92                               0.73 to 1.17
     Missing data                                   25 425     145                                                                                                                                                                                                                        
  Caseload                                                                                                                                                                                                                                                                                
   ≤15/year                                         8355       59                                                7.06    1.27                               0.97 to 1.65   6704       53     7.91    1.38                               1.04 to 1.83   1.34                               1.01 to 1.78
    16--30/year                                     24 820     173                                               6.97    1.25                               1.06 to 1.47   20 186     151    7.48    1.31                               1.10 to 1.56   1.25                               1.04 to 1.50
    31--50/year                                     83 820     519                                               6.19    1.11                               0.99 to 1.24   71 080     455    6.40    1.12                               0.99 to 1.26   1.09                               0.97 to 1.23
    51--80/year                                     142 965    799                                               5.59    1.00                                              122 261    701    5.73    1.00                                              1.00                               
   \>80/year                                        84 950     495                                               5.83    1.04                               0.93 to 1.17   71 386     428    6.00    1.05                               0.93 to 1.18   1.04                               0.92 to 1.18
  NZ-trained midwife                                234 917    1389                                              5.91    0.98                               0.89 to 1.07   220 157    1340   6.09    0.97                               0.87 to 1.08   0.94                               0.83 to 1.05
    Overseas trained                                101 543    615                                               6.06    1.00                                              71 460     448    6.27    1.00                                              1.00                               
    Missing data                                    8450       41                                                                                                                                                                                                                         
  Direct entry midwifery                            157 096    966                                               6.15    1.06                               0.97 to 1.16   142 552    902    6.33    1.06                               0.97 to 1.17   1.05                               0.91 to 1.20
    Nurse-midwifery                                 167 450    973                                               5.81    1.00                                              149 065    886    5.94    1.00                                              1.00                               
    Missing data                                    20 364     106                                                                                                                                                                                                                        

\*Data from MAT.

†Gestational age, birthweight and plurality data for perinatal deaths from PMMRC; denominator data from MAT.

‡Midwifery Council data.

§First year of practice midwives compared with midwives beyond first year (above) and categories of years of experience (below). Adjusted ORs provided in this table are taken from the model with multiple categories of years of midwifery experience (although the greatest difference in any estimate using the dichotomised variable instead of multiple categories is 0.016, and most are smaller than this, and there is no difference in statistical significance of any parameter).

BMI, body mass index; LGA, large for gestational age; MAT, National Maternity Collection; MELAA, Middle Eastern, Latin American or African; NZ, New Zealand; PMMRC, Perinatal and Maternal Mortality Review Committee; SGA, Small for gestational age.

The adjusted multivariable findings were robust after performing sensitivity analyses including only births from 23 weeks (OR 0.84 (0.68 to 1.03)), at term (0.89 (0.64 to 1.24)) and after excluding transfer of LMC to medical or DHB care from the final multivariable model (0.87 (0.72 to 1.05)).

Considering the length of midwifery experience in more detail found a statistically significant effect in univariable analysis when categorised into five groups (χ^2^=13.04, p=0.011), but no significant test for linear trend was detected (χ^2^=1.15, p=0.28). There was a significantly lower perinatal mortality, after adjusting for known potential confounders, among women under the care of 2nd-year to 5th-year midwives (OR 0.81 (0.66 to 0.99)) compared with 1st year of practice midwives. The odds for all other more experienced midwives compared with 1st year of practice midwives were not significant and close to 1.00 (0.97, 0.95 and 0.92 for midwives in their 6th--10th, 11th--20th and beyond 20 years of midwifery experience). In other words, if 2nd to 5th years of experience are set as the referent group, then 1st year of practice midwives have increased odds of perinatal mortality (OR 1.24 (1.01 to 1.52)), with similar odds to 6th--10th year (OR 1.20 (1.03 to 1.40)), 11th--20th year (OR 1.18 (1.00 to 1.39)) and greater than 20 years' experience (OR 1.14 (0.94 to 1.39)).

Using the categories of experience in the previous study,[@R2] there was no difference in odds of perinatal mortality for 6th--10th year compared with 1st-year midwives (OR 0.97 (0.79 to 1.18)). The only year where there was a significant reduction in odds was for midwives in their 5th year of practice (0.70 (0.52 to 0.96)).

Midwifery caseload {#s3d}
------------------

There was a significant association between midwifery caseload and perinatal mortality in univariable analysis (χ^2^=10.20, p=0.037), and a test for linear trend also resulted in a statistically significant result (χ^2^=6.73, p=0.012). In multivariable analysis, the adjusted odds of perinatal mortality remained stable and relatively unchanged from the univariable associations suggesting little confounding in relation to this association. The adjusted odds of perinatal mortality were significantly higher among midwives registering a caseload of 15 or fewer women per year (1.34 (1.01 to 1.78)) and 16--30 women per year (1.25 (1.04 to 1.50)) compared with midwives registering 51--80 women per year. There was no significant difference between midwives with caseloads of 31--50, or over 80 compared with midwives registering 51--80 women per year ([table 3](#T3){ref-type="table"}).

Other midwifery factors {#s3e}
-----------------------

There was no significant association between country of training or type of training (nurse-midwifery or direct-entry midwifery) and perinatal mortality in crude or adjusted analyses([table 3](#T3){ref-type="table"}).

Discussion {#s4}
==========

First year of practice community LMC midwives cared for higher risk women than midwives in later years of their careers. After adjusting for this and other contributory factors, the risk of perinatal mortality (stillbirth or neonatal death) for women under the care of first year of practice midwives was not significantly higher than for women cared for by midwives beyond their first year. Years of midwifery experience were categorised into subgroups in an attempt to replicate the analysis in the previous paper from NZ.[@R3] This showed that first year of practice midwives had the same odds of perinatal mortality as midwives with five or more years of midwifery experience. Further, first year of practice midwives had the same odds of perinatal mortality as all midwives with the exception of midwives in their fifth year of practice. There was a protective effect in women cared for by midwives in their fifth year, but there is no apparent plausible reason for this reduced risk, and we consider it to be a chance finding possibly due to residual confounding. Based on current findings, there seemed no reason to identify an issue for midwives in their first year, and it seemed highly likely that years of experience did not relate to perinatal mortality. In addition, country of midwifery training and type of entry to midwifery training were not associated with perinatal death. However, carrying a caseload of fewer than 30 women per year was found to be associated with higher risk of perinatal mortality compared with a caseload of 51--80 women per year.

The main strength of this study was that it used data obtained directly from the Ministry of Health, the PMMRC and the MC, with the express purpose of undertaking the planned analysis. Despite the complexity of the concepts and limitations of the data, we paid considerable attention to detail in the methodology. Midwifery experience and caseload were represented as accurately as possible. The main limitation was that much of the data the study used were originally collected for routine counting and funding purposes rather than for research. Observational studies carry inherent risk of bias. As shown by the change in ORs with adjustment for the considered, identified and measured confounders, the predictor of interest (years of midwifery experience) was strongly associated with other predictors of perinatal mortality (such as antenatal risk factors). It is possible that residual confounding remains but this would be expected to reduce the estimated risk of first year of practice on perinatal mortality. Some risk factors for stillbirth, such as previous stillbirth, were not included in the analysis because they were not available in the dataset.

The study by Lawton *et al* published in 2016 caused considerable concern in the maternity workforce and in the wider community in NZ.[@R3] Specifically, it eroded some of the community's trust in the unique midwifery model of care in place in NZ since 1990. In retrospect, Lawton's study presented univariable results only, despite providing evidence of potential confounding, and used data which were not fit for the purpose, hence the study could not be replicated. In the current study, when categorising years of midwifery experience as per Lawton *et al*, first year of practice midwives did not have significantly higher odds of perinatal mortality. It is possible that there was a concern during the previous study period that is no longer relevant; however, it is more likely that years of experience do not relate to perinatal mortality. The current study is important internationally as NZ has a unique maternity model of care supported by integrated primary, secondary and tertiary services and is a model for the development of midwifery models worldwide. Community LMC midwives provided primary maternity care to 85.2% of the birthing population in NZ in 2014.[@R13]

While the current study is reassuring with regard to the risk of perinatal mortality related to years of midwifery experience, it also raises two important issues. First, it indicates a higher level of clinical risk among the women who book with midwives in their first year of practice. This may suggest inequitable access to experienced LMC midwives. It is possible this occurs because of the difficulties of building a caseload in the first year when the midwife does not have a reputation or repeat clients (who have become multiparous). More research is needed to understand this complex relationship, and the profession needs to consider options for further support for midwives in their first year who are caring for higher risk women. Second, it suggests that caseload may be important among midwifery LMCs. It remains to be determined why low caseload was found to be associated with perinatal mortality.
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